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Increased patient demand for esthetic restorations has generated interest in all 
ceramic dental restorations. Better materials and innovative techniques have led many 
dentists to use all-ceramic crowns and inlays for the restoration of posterior occlusal 
surfaces. As the world is advancing in to all ceramic restorations, Lucite reinforced glass 
ceramics were introduced for veneers, onlays and single crowns. This was followed by the 
introduction of the lithium di-silicate based restoration that lead to a remarkable increase 
in mechanical properties. This expands the use of all ceramic restoration to the 3-4 unit 
fixed partial dentures extending through the second premolars. In-Ceram Alumina and 
Zirconia were introduced as high strength cores and indicated for single crowns and 3 unit 
anterior bridges. This glass ceramic core was prepared by a slip casting technique, and over 
which a porcelain veneer was layered.  
Recently, high strength ceramics were developed with metal oxides of alumina and 
zirconia for the core material in the high load bearing areas. It was first introduced in the 
biomedical sciences in early 1960s. Its application further extended to orthopedics in 
1980s, and then to dentistry in 1990. There has been an emphasis and extensive research 
on zirconia in the recent years. Yttrium-stabilized Zirconia (Y-TZP), an exceptionally 
strong ceramic, is used as a core in stress bearing areas in an attempt to eliminate the bulk 
fracture of all ceramic restorations. It has unsurpassed mechanical properties and exhibits 
a unique phenomenon of transformation toughening which is an ability to seal the crack 
propagation. Dental ceramics are known for their natural appearance and their durable 
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chemical and optical properties. Zirconia has a flexural strength of 900-1200 MPa, and 
fracture toughness of 9–10 MPa.  
As a result, all ceramics application extended to multi-unit to full arch zirconia 
frameworks and implant abutments to support fixed and removable prostheses. The 
inherent properties of the material like low thermal conductivity, low corrosion and good 
radio opacity are noteworthy. In addition to the above, high biocompatibility and low 
bacterial surface adhesion makes zirconia the material of choice. However, the clinical 
success of the zirconia based restorations and other restorations has been questioned with 
the reports of the veneering porcelain chipping. These failures can be attributed mainly in 
the veneer layer resulting from the mismatch of Co-efficient of Thermal Expansion (CTE) 
between the zirconia and veneered porcelain, thickness and cooling rates. In an effort to 
reduce these failures, highly sintered monolithic or full anatomic zirconia crowns were 
developed, improving their clinical success and reliability.  
However, there has been considerable concern, as to how these materials, 
formulated to improve strength, as compared with respect to their tendency to abrade tooth 
enamel. Ideally, any restoration should not harm (wear) the opposing tooth surface. Owing 
to their strength, ceramics in general, are considered to be more abrasive to enamel than 
common restorative materials. There were many researchers who demonstrated the 
deleterious effects of ceramics on the opposing tooth. In 1986 a survey by Christensen at 
American Academy of Esthetic Dentistry found "less wear on opposing teeth" to be the 
single most desirable need for change in posterior tooth-colored crowns. In 1971 Mahalick 
et al. reported enamel-porcelain wear, in vitro, to be 2.4 times greater than wear of enamel-
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acrylic resin and 17 times that of enamel-gold57. Monasky and Taylor (1971) tested a 
variety of surface finishes of porcelain against tooth substance and concluded that the rate 
of tooth substance wear was a function of porcelain roughness. Ekfeldt and Oilo (1988), 
using a bruxing subject, studied occlusal wear of porcelain, gold, and resin in vivo. They 
too found that enamel surfaces exhibited the greatest substance loss when opposed by 
feldspathic porcelain57. Also other studies have led some clinicians (Rosenstiel et al., 1988; 
Wiley, 1989) to caution against the use of porcelain occlusal surfaces where rapid enamel 
attrition might be predicted, such as for a bruxer or complete-denture wearer having the 
porcelain opposed by natural teeth.  
Tooth wear is a complex physiological process that occurs as a result of tribological 
interactions in oral cavity. Wear of materials is a complex and an unpredictable 
phenomenon. In historical perspective, teeth that were heavily worn were found in human 
skulls dated as early as 160,000 years ago. Tooth wear can be attrition, abrasion, fatigue 
and corrosive wear. Attrition or two body wear and abrasion or three body wear are the 
common variants experienced by tooth in life time. It is influenced by a variety of factors 
like the thickness of enamel, abrasiveness of food, patient’s oral habits, musculo-skeletal 
and neuromuscular control. Tooth loss is generally compensated with a mesial and occlusal 
tooth movement resulting from deposition of the cementum at the apex38. The 
physiological occlusal contacts are point-point, edge-edge, point-area, and edge-area. This 
character of occlusal contacts makes chewing easier forming abundant spill ways on the 
occlusal table. But, due to their very high strength, ceramic restorations are more prone to 
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wear adjacent and antagonist tooth leading to non-physiologic area to area contacts26. 
Similar to the tooth, restorations are also subjected to wear, and the material loss can be in 
the form of microploughing, microcracking, microcutting and microfatigue. The systemic 
complications of ingestion of worn particles are yet to be determined. The major biological 
effects caused by the loss of vertical dimension and tissue alteration affecting the 
somatognathic system cannot be ruled out.  
Mastication involves two processes that affect wear, abrasion and attrition. Abrasion 
occurs in the presence of food as the jaw closes. It begins when both mandibular and 
maxillary teeth contact the food bolus and ends when the two teeth contact each other. 
Because the teeth do not come in direct contact during abrasion, this stage is termed the 
contact free area (CFA) region of wear. Attrition begins when the mandibular and 
maxillary teeth directly contact and ends when they separate. This is termed the occlusal 
contact area (OCA) region of wear. This stage of mastication involves abrasive; adhesive 
and fatigue wear. The primary variables affecting the mechanism of wear include the 
properties of the two contacting materials and the surrounding and interfacial media.  
In two-body abrasion, surfaces are rubbed away by direct contact, during this 
movement, the asperities (rough surface paticles) must either fracture or deform. At the 
microscopic level, no surfaces are smooth, hence they contact by the reunion of their 
asperities. If both surfaces are ‘brittle’, there will be fracture of the asperities. If one surface 
is ‘soft’, then the harder surface will plough into softer asperities creating ‘chips’, which 
will eventually fracture. Gradually, all the asperities fracture and the cumulative effect of 
loss is manifested as wear. In the oral cavity, these conditions predominantly occur during 
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‘non-masticatory tooth movement’. ‘Attrition’ is a form of two-body abrasion tooth wear 
that can be considered ‘physiological’ as it has been described as a prerequisite for 
‘balanced occlusion’. It is the physiological wearing away of dental hard tissues as a result 
of tooth-to-tooth contact without the intervention of foreign substances that causes 
localized wear at occlusal contacts. The wear rate of enamel at occlusal contact areas in 
molars is about 41 µm per year57.  
In three body wear, surfaces are rubbed away by ‘intervening slurry of abrasive 
particles’. The pressure between the surfaces is transferred to the particles, which then cut 
away the asperities. In the mouth, this type of wear occurs during ‘mastication’ and is 
common in patients who eat an abrasive diet.  
In fatigue wear, some of the movement of the surface molecules is transferred to the 
subsurface causing rupture of intermolecular bonds and a zone of ‘subsurface damage’. 
Micro cracks form within the subsurface and coalesce to the surface, therefore causing loss 
of a fragment of material inducing fatigue wear.  
Tribo-chemical wear (dental erosion) is caused when chemicals weaken the inter-
molecular bonds of the surface and potentiate the wear processes. There is interplay of 
erosion, attrition and three-body abrasion. In the oral cavity, acids normally cause ‘extrinsic 
effects’ such as dietary acids or ‘intrinsic effects’ resulting from gastric reflux. These acids 
weaken only the surface molecules. These are then rubbed away by the movement of the 
surfaces and immediately the underlying surface is attacked by the acid.  
The wear rate of an ideal restorative material should approximate that of enamel. 
Lambrechts et al43. reported vertical wear of enamel to be between 20 µm to 40 µm per 
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year when opposing enamel in the premolar and molar regions, respectively. Surface 
texture and surface hardness have each been investigated as possible determinants of wear 
rate. However, surface hardness has been shown to be a poor indicator of wear.  
Therefore, this in vitro research project was undertaken to evaluate and compare the 
wear behavior of human tooth opposing different commercially available zirconia 
materials; Dent care zirconia with glaze, and Czar zirconia with glaze. 
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 AIM: 
 The study is aimed to compare the wear of natural tooth against two commercially 
available zirconia materials. 
 1. DentCare Zirconia 
 2. CZAR Zirconia 
  
OBJECTIVES: 
 The purpose of this study is to compare the wear of natural tooth against two 
commercially available zirconia materials. 
1. To determine the wear of natural teeth against DentCare Zirconia discs 
2. To determine the wear of natural teeth against CZAR Zirconia discs 
3. To compare the wear of natural teeth against DentCare and CZAR Zirconia discs. 
 
NULL HYPOTHESIS:  
 The null hypothesis of the study assumes that there is no significant difference between 
the wear produced by DentCare Zirconia(Group I) and CZAR Zirconia (Group II). 
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Peter Andersson (1992)44 investigated several material combinations lubricated with 
water, by performing pin on-disc friction and wear tests. The materials were alumina, zirconia-
toughened alumina (ZTA), magnesia-partially-stabilized zirconia (PSZ), silicon carbide (Sic), 
sialon and stainless steel. It was found that that the all-alumina sliding pair showed the best 
performance under conditions of boundary lubrication.. It was concluded that unlike pairing of the 
ceramics did not bring remarkable tribological benefits, but it provided the opportunity to optimize 
the tribological performance and mechanical properties of the system.  
 
 D. C. Jagger (1994)10, performed abrasive wear tests on unglazed, glazed, and polished 
porcelain stud specimens using human enamel as the opposing plate specimens. The wear tests 
were carried out on a wear machine that was specifically designed to simulate the masticatory 
cycle. Investigation of the glazed porcelain surface showed that the glaze was removed in less than 
2 hours of wear on the machine. It was concluded that the rate of enamel wear produced by glazed 
and unglazed porcelain was similar. Polished porcelain produced substantially less enamel wear. 
Also this study indicated the potential damage porcelain can inflict upon enamel and suggests that 
porcelain should be polished instead of reglazed after chairside adjustment.  
 
 Dorota K. Ratledge et al (1994)11, investigated the wear of human dental enamel against 
amalgam, Concise composite, SR-IsositInlay/Onlay composite, Vitadur-N glazed porcelain, 
unglazed IPS Empress ceramic, and enamel (control) by use of a modified stress cycling machine. 
Testing was carried out in water and in citric acid (pH 4) and the enamel-material couples were 
subjected to 25,000 cycles of wear with a maximum load of 40 N. Tooth profile reduction was 
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measured at baseline and at 5000 cycle intervals with a computer image analysis program. The 
depth of the wear scars on material specimens was analyzed with a profilometer. It was found that 
all materials produced increased enamel wear in acid. Vitadur-N glazed porcelain was found to be 
the most destructive to human dental enamel, and this was closely followed by Empress and 
enamel. 
 
Corrine H. Hacker (1996)9, compared enamel wear against low-fusing porcelain (Procera 
All-Ceramic) with the wear against feldspathic porcelain (Ceramco) and gold ahoy (Olympia).The 
enamel sample was tested in human saliva in a wear machine with a constant load of 1 pound 
during 10,000 rotational cycles. The amount of wear was determined with a stereomicroscope. It 
was concluded that the feldspathic Ceramco porcelain caused enamel to wear 230 µm, whereas 
the low-fusing Procera All-Ceramic porcelain and Olympia gold caused only 60 µm and 9 µm of 
wear, respectively. Also, Olympia gold alloy demonstrated significantly less wear than feldspathic 
Ceramco porcelain and low-fusing Procera All-Ceramic porcelain. The Olympia gold 
demonstrated wear of only 0.32 µm, whereas low-fusing Procera All-Ceramic and feldspathic 
Ceramco porcelains wore 4.3 µm and 3.7 µm, respectively. 
 
Ahmad S. Al-Hiyasat (1999)2 investigated wear of human enamel and 3 dental ceramics: 
a conventional porcelain (Vitadur Alpha), a low-fusing hydrothermal ceramic (Duceram-LFC), 
and a machinable ceramic (Vita Mark II) in a 3-body wear test. Thirty pairs of tooth-ceramic 
specimens were tested in a dental wear machine, under a standard load (40 N), rate (80 
cycles/minute), and for 25,000 cycles in a simulated food slurry medium. Amount of wear was 
determined by measuring the height loss of the tooth and depth of wear track of the ceramic 
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materials. Significant differences were found between the groups for both enamel wear (P=.002) 
and ceramic wear (P<.001). It was concluded that the abrasiveness of Alpha porcelain and 
Duceram-LFC ceramic was similar, yet both were significantly more abrasive than Vita Mark II 
ceramic. In addition, Vita Mark II was the most wear resistant ceramic and Duceram-LFC ceramic 
the least resistant. 
  
 Kurt T. Metzler (1999)28, evaluated the wear of enamel opposing one traditional and two 
recently introduced low fusing feldspathic dental porcelains. Six blocks of Ceramco II, Finesse, 
and Omega 900 feldspathic porcelain materials were fabricated and fired according to 
manufacturer recommendations. Enamel specimens were in constant contact with the stationary 
porcelain blocks under a load of 600 g and traversed a distance of 8 mm. It was found that both 
Finesse and Omega 900 feldspathic porcelains caused significantly less enamel volume loss when 
compared with Ceramco II porcelain at all the time intervals. Surface roughness revealed no 
consistent significant differences among porcelains. 
  
Won-suck Oh (2002)64, addressed some of the material factors related to the wear of 
opposing enamel by ceramic. A PubMed search for key words (wear of enamel and ceramic) was 
supplemented with a hand search to identify relevant peer-reviewed articles. He found that most 
literatures support the fact that internal porosity and other surface defects, which are produced by 
an inadequate firing technique, act as stress concentrators and result in greater wear. Glazing and/or 
polishing ceramic can influence the early stage of the wear process, but the positive effect of a 
glazed/polished surface is quickly lost when the material is placed in function. Multiple contact 
areas (rather than a single point of contact) better protect occlusal stability by lowering stress 
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concentrations. Unless occlusal stress exceeds the strength of the opposing materials, wear will 
not occur. Wear requires the sliding of one surface against the other. Therefore when a ceramic 
restoration is placed, any sliding contact in centric and eccentric movements should be minimized 
or eliminated. Based on the literature, it was concluded that material factors, their proper handling, 
and control of the patient’s intrinsic risk factors related to wear are critically important to the 
reduction of enamel wear by dental ceramics. 
 
Nancy L. Clelland (2003)39 evaluated the wear of human enamel opposing 5 low-fusing 
dental porcelains and a traditional feldspathic control using the Oregon Health Sciences University 
oral wear simulator. Five low-fusing dental porcelains—Finesse (FI), Rhapsody (RP), IPS d.Sign 
(DS), Omega 900 (OM), and Duceram LFC (LFC)—and 1 traditional feldspathic porcelain—
VMK 68 (VMK)—were formed into disks (n - 10) and used as substrate for the wear test. It was 
concluded that variations in ceramic composition and microstructure may affect the opposing 
enamel wear, but that low-fusing temperatures do not necessarily guarantee low enamel wear. 
Although the clinical relevance of this testing apparatus may be questioned, the testing method 
was repeatable. 
 
 Catharina Zantner et al (2004)7, determined the influence of particle size, particle 
material and morphology on the sliding wear of 19 light curing, commercially available 
composites (Durafill VS, Metafil CX, Heliomolar RO, Solitaire, Arabesk, Artglass, Charisma F, 
Pertac II, Charisma, Degufill Ultra, TPH Spectrum, Z100, Tetric classic, Pertac Hybrid, Estilux 
Hybrid, Dyract AP, Compoglass F, Compoglass and Hytac). Results showed that the microfiller 
composites (Durafill VS, Metafil CX, Heliomolar RO) revealed the lowest, and the compomers 
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(DyractAP,Compoglass F,Compoglass and Hytac) showed the highest contact wear. The wear of 
the hybrid composite (Estilux Hybrid) and the micro hybrid composites (Solitaire, Arabesk, 
Artglass, Charisma F, Pertac II, Charisma, Degufill Ultra, TPH Spectrum, Z100, Tetric classic, 
Pertac Hybrid) was higher than that of the microfiller composites. It was concluded that both 
particle size and morphology have a high influence on the wear properties concerning the two-
body wear in the occlusal contact area. 
 
 Asmaa Elmaria (2006)6 et al evaluated enamel wear caused by 3 ceramic substrates in the 
glazed and polished conditions. Sixty ceramic discs (10 3 2 mm)—20 each of Finesse, All-Ceram, 
and IPS Empress were prepared and glazed. Each group of 20 was divided into 2 groups of 10. 
The surfaces of one group were ground and polished using a porcelain polishing kit (Dialite). The 
remaining 10 were left as glazed. Ten specimens of a type III gold alloy were cast into rectangular 
shapes and polished. The cusp height loss was traced before and after the wear test using a profile 
projector. It was concluded that Gold, polished Finesse, and polished All-Ceram caused the least 
enamel wear, whereas IPS Empress caused the most wear. Cast gold was significantly different 
than glazed IPS-Empress, whereas other groups overlapped. There was significant correlation 
between Ra and enamel wear. 
 
Paul Lambrechts (2006)43, critically analyzed the contributing factors to the biological 
wear process and screened the wear simulators in dentistry for their capacity to mimic the wear 
conditions. An overview of the types of wear, grouped as biotribocorrosion, combined with a 
description of the different wear simulating devices were analyzed to better understand the 
multifactorial nature of wear. A search on keywords highlighting the most common in-vitro wear 
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simulators and their use in the laboratories for various simulation applications was made. It was 
proposed that wear is a complex process that can hardly be simulated while controlling all 
variables. Especially the extrapolation of the in-vitro wear results to the in-vivo situation is difficult 
because there is a lot of interplay with biological factors that are difficult to mimic. It is not the 
degree of sophistication, but the right mix of controllable variables that will make a wear simulator 
predictive. 
 
Ralph DeLong (2006)50 determine what wear parameter(s) have clinical relevance and 
what factors are important for accurate measurement of these parameters in vivo and in vitro. He 
described biomechanical factors affecting mastication and the mechanics of wear and investigated 
how they impact the wear of teeth and restorative materials. The preferred parameter for 
quantifying wear was volume. It was found that volume is independent of occlusal factors and is 
a measure of work done. It was suggested that wear is best measured by comparing sequential 3D 
images. Measuring systems should be calibrated with their error reported using sigma values rather 
means and standard deviations. The quality of the alignment of the sequential images should be 
included in the error analysis. Cost and availability of 3D imaging systems has severely limited 
their use in clinical studies.  
  
S.D. Heintze (2008)53 reviewed the existing literature on in vitro assessments of antagonist 
wear of ceramic materials and systematically evaluated the possible influencing factors on material 
and antagonist wear of ceramic specimens. In the laboratory study, three ceramic materials were 
selected with different compositions and physical properties: IPS d.SIGN low-fusing metal 
ceramic, IPS Empress leucite ceramic, e.max Press lithium disilicate ceramic. These materials 
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were subjected to the Ivoclar wear method (Willytec chewing simulator, 120,000 cycles, 5 kg 
weight. The results of the systematic laboratory tests revealed that the following factors strongly 
influence the wear: configuration (more material wear of flat versus crown specimens), surface 
treatment (more antagonist wear of glazed versus polished specimens), the antagonist system 
(more material wear and less antagonist wear for ceramic stylus versus enamel stylus), and enamel 
thickness (less wear for thicker enamel). Material wear was not very much different between the 
materials.  
 
 Gergo Mitov (2012)17 evaluated the influence of different finishing procedures on the wear 
behavior of zirconia against natural enamel. Four different groups with 16 specimens each were 
formed according to the following finishing procedures: PZ (polished), RR (fine-grit diamond), 
GR (coarse-grit diamond), GZ (glazed). Polished specimens of a leucite-reinforced glass ceramic 
(Empress CAD) were used as a control (GC). Results showed that the specimens finished with the 
coarse diamond caused significantly higher antagonist wear than the polished ones. Polished 
zirconia showed the lowest wear of the antagonist enamel and resulted in enamel wear that was 
not significantly different from that of the glass ceramic control group. It was concluded that if 
zirconia is used without veneering material for crowns and fixed dental prostheses (FDPs), the 
surface must be well-polished if occlusal adjustments with coarse diamonds are performed. The 
polishing step reduces the wear of the opposing enamel. 
 
Leonidas Kontos et al (2012)31, investigated the role of surface treatments on the wear of 
a zirconia material and its antagonist. Fifty plates made of zirconia (LavaMulti ZrO2, 3M ESPE), 
divided into five equal groups, were sandblasted and ground under standardized conditions with a 
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fine-grit diamond bur (Komet Brasseler, Germany) to simulate clinical conditions. Group (a) was 
only fired, (b) was fired and sandblasted, (c) only ground, (d) was ground and additionally polished 
(EVE Ceramic Polishing-Set, Pforzheim) and (e) was ground and glazed. Results showed that in 
groups (a), (b), (c) and (d) the wear value Pt could not be determined (<1 mm). Wear values of the 
antagonists (steatite balls) revealed a similar outcome in contact with (b), (c) and (e) in the range 
of 81–85 mm, whereas (e) was more abrasive but not significantly. A noticeable difference in the 
wear of the antagonist showed group (d) to have the smallest value. It was concluded that polished 
zirconia seems to have the lowest wear on the antagonists, in contrast with the other kinds of 
surface treatment. 
 
 Lin Wang et al (2012)33, investigated the friction and wear behaviors of dental ceramics 
against the natural tooth enamel were. Three dental ceramics, namely zirconia with both polished 
and rough surfaces, hot-forged lithium disilicate glass ceramics and silicates based veneer 
porcelain were involved with two metallic materials, gold–palladium alloy and Nickel–chromium 
alloy, as references. The tribological tests were carried out under artificial saliva lubrication 
condition by using freshly extracted natural teeth and samples with controlled surface roughness. 
Results showed that the frictional coefficient of enamel against gold palladium alloy or Nickel–
chromium alloy was the smallest. The frictional coefficient of enamel against polished zirconia or 
porcelain was between that of metal and glass-ceramic. It appeared that the friction and wear 
performances of zirconia could be improved significantly by adequate surface polishing. This 
observation proposed that attention must be paid to carefully design proper occlusal surface 
contours and correctly choose dental materials in clinical practice. 
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Meenakshi Khandelwal (2012)35, compared the wear of enamel of extracted teeth against 
one conventionally used ceramic VMK-95 (fusing temperature 930 0C) and two new lower-fusing 
ceramics-Omega 900 and Finesse with fusing temperatures 900 and 760 0C respectively, used for 
metal–ceramic restorations. The results showed that mean loss of height of tooth was least against 
Finesse followed by Omega 900 and VMK-95. Statistical analysis revealed statistically significant 
difference between VMK-95 & Omega 900 and VMK-95 & Finesse The difference in loss of 
height of tooth against Finesse & Omega 900 is statistically insignificant. It was concluded that 
lower-fusing dental ceramics cause less wear of opposing enamel. 
 
 Mi-Jin Kim (2012)37 examined the wear resistance of human enamel and feldspathic 
porcelain after simulated mastication against 3 zirconia ceramics, heat-pressed ceramic and 
conventional feldspathic porcelain by using Scanning electron micoscopy. Human teeth and 
feldspathic porcelain cusp were tested against ceramic discs. 5 brands were tested – 3 monolithic 
zirconia, Prettau, Lava, and Rainbow, one lithium disilicate, IPS e.max Press, and one feldspathic 
porcelain, Vita-Omega 900. Results showed that Vita-Omega 900 led to the greatest amount of 
enamel wears followed by IPS e.max Press, Prettau, Lava and Rainbow. There was a significant 
difference between Vita-Omega 900 and IPS e.max Press. It was concluded that the wear values 
for human enamel were significantly greater than those for feldspathic porcelain, regardless of the 
surface roughness of the ceramic specimens. Also, the wear behaviour of human enamel and 
feldspathic porcelain varies according to the type of substrate materials. On the other hand, 3 
zirconia ceramics caused less wear in the abrader than the conventional ceramic. 
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 Ahmet Kursad Culhaoglu (2013)3, compared the two‑body wear resistance of two 
different indirect composites and lithium disilicate porcelain versus human enamel antagonists. 
Ten specimens of each material (BelleGlass NG, Kerr Corp.; SR Adoro, Ivoclar Vivadent AG; IPS 
e.max, Ivoclar Vivadent AG) were fabricated. Wear loss of antagonist was calculated using an 
image analyzer (Leica). Wear behavior of restorative materials was investigated with a 
profilometer after each individual tribological test. A scanning microscope was used to examine 
the crystal morphology of the samples; the crystal phases were identified by an X‑ray 
diffractometer.  Results showed that the indirect composites showed lower wear rate and friction 
co‑efficient than all‑ceramic dental materials against enamel. It was concluded that indirect dental 
composite is relatively more wear‑friendly than all‑ceramic restoration.  
 
Alaa H.A. Sabrah et al (2013)4, investigated the effects of polishing techniques on the 
surface roughness of Y-TZP ceramic and on the wear behavior of synthetic hydroxyapatite (HA). 
Thirty-two full-contour Y-TZP (Diazir®) sliders were manufactured using CAD/CAM, embedded 
in acrylic resin using brass holders, and randomly allocated into four groups (n = 8), according to 
the finishing/polishing procedure: G1-as-machined, G2-glazed, G3-diamond bur finishing and G4 
− G3 + OptraFine® polishing kit. Thirty-two sintered HA disks were similarly mounted in brass 
holders. Y-TZP sliders baseline surface roughness values (Ra and Rq, in µm) were recorded using 
a non-contact profilometer (Proscan 2000). A two-body pin-on-disc wear test was performed. HA 
height (µm) and volume (mm3) losses were measured. Y-TZP height loss was measured using a 
digital micrometer. Comparisons between groups for differences in antagonist height loss/volume, 
and slider height loss were performed. It was found that although glazed zirconia provides an 
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initially smooth surface, significantly increased antagonist wear was observed compared to the 
polished Y-TZP zirconia surface. 
 
Sridhar Janyavula (2013)59, measured the roughness and wear of polished, glazed, and 
polished then reglazed zirconia against human enamel antagonists and compared the 
measurements to those of veneering porcelain and natural enamel. Results showed that the surface 
roughness ranked in order of least rough to roughest as : polished zirconia, glazed zirconia, 
polished then reglazed zirconia, veneering porcelain, and enamel. For ceramic, there was no 
measureable loss on polished zirconia, moderate loss on the surface of enamel, and significant loss 
on glazed and polished then reglazed zirconia. The highest ceramic wear was exhibited by the 
veneering ceramic. For enamel antagonists, polished zirconia caused the least wear, and enamel 
caused moderate wear. Glazed and polished then reglazed zirconia showed significant opposing 
enamel wear, and veneering porcelain demonstrated the most. It was concluded that polished 
zirconia is wear-friendly to the opposing tooth. Also, glazed zirconia causes more material and 
antagonist wear than polished zirconia.  
 
 Gauri Mulay (2014)16, evaluated wear of enamel when opposed by three different surface 
finishes of ceramic. A total of 60 metal‑ceramic discs with different surface finishes were 
fabricated. They were divided into four groups of autoglazed ceramic surface, over glazed ceramic 
surface, ceramic surface polished with Shofu polishing kit and ceramic surface polished with DFS 
polishing wheels and paste. It was concluded that the enamel wear produced by polished porcelain 
is substantially less than autoglazed and over glazed porcelain. Also, no significant difference was 
found in enamel wear when opposed by ceramic surfaces polished by two different methods. This 
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study indicated the potential damage porcelain can inflict upon enamel and suggests that porcelain 
should be polished instead of over glazed.  
 
 Jeerapa Sripetchdanond et al (2014)23, investigated the wear of enamel as opposed to 
dental ceramics and composite resin. Twenty-four test specimens (antagonists), 6 each of 
monolithic zirconia, glass ceramic, composite resin, and enamel, were prepared into cylindrical 
rods. Enamel specimens were prepared from 24 extracted human permanent molar teeth. The 
maximum depth of wear (Dmax), mean depth of wear (Da), and mean surface roughness (Ra) of 
the enamel specimens were measured with a profilometer. Results showed that there were no 
significant differences in enamel wear depth (Dmax, Da) between monolithic zirconia and 
composite resin or between glass ceramic and enamel.  Significant differences were found when 
the enamel wear depth caused by monolithic zirconia and composite resin was compared with that 
of glass ceramic and enamel (P<.001). It was concluded that monolithic zirconia and composite 
resin resulted in less wear depth to human enamel compared with glass ceramic and enamel. All 
test materials except composite resin similarly increased the enamel surface roughness after wear 
testing. 
 
Ji-Hee Park (2014)24, evaluated the 2-body wear of antagonists for 3 computer-aided 
design and computer-aided manufacturing (CAD/CAM) anatomic contour zirconia ceramics and 
veneering porcelain when opposing natural human enamel. Zirkonzahn Y-TZP (polished zirconia, 
zirconia with staining, zirconia with staining and glazing), Acucera Y-TZP, Wieland Y-TZP, and 
Noritake feldspathic ceramic were tested (6 groups. The SEM observations of each group revealed 
fine bubbles and porous surfaces in the Noritake feldspathic ceramic group, whereas the polished 
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Zirkonzahn Y-TZP group, Acucera Y-TZP group, and Wieland Y-TZP group had smooth surfaces. 
It was concluded that the antagonist wear of 3 CAD/CAM anatomic contour zirconia ceramics was 
significantly less than the Noritake veneering ceramic because the surface character of Y-TZP is 
relatively uniform and homogeneous. Zirkonzahn Y-TZP with staining and glazing was 
significantly more abrasive than the other zirconia specimens tested. However, it was less abrasive 
than the Noritake veneering ceramic. 
 
 Rafat Amer et al (2014)48, investigated the 3-body wear of enamel opposing 3 types of 
ceramic (dense sintered yttrium-stabilized zirconia; Crystal Zirconia; DLMS) (Z), a lithium 
disilicate (IPS e-max CAD; Ivoclar Vivadent) (E), and a conventional low-fusing feldspathic 
porcelain (VitaVMK-Master; Vita Zahnfabrik) (P), treated to impart a rough, smooth, or glazed 
surface. Specimens of each ceramic group were placed into 1 of 3 groups: group R, rough surface 
finish; group S, smooth surface finish; and group G, glazed surface finish. The wear of the enamel 
specimens was evaluated after 50 000 cycles using a three body wear simulator. It was concluded 
that the degree of enamel wear associated with monolithic zirconia was similar to conventional 
feldspathic porcelain. Smoothly polished ceramic surfaces resulted in less wear of antagonistic 
enamel than glazing. 
 
Sheila Pestana Passos et al (2014)56, assessed enamel wear on teeth opposing zirconia 
restorations and evaluated factors related to the wear of natural teeth opposing zirconia 
restorations. Five electronic databases were searched through May 2013 without limitations. It was 
found that there was a large variation in relation to wear test method quantification, applied force, 
lateral movement, number and frequency of cycles, number of specimens, and enamel specimen 
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preparation. In all studies, enamel wear rates were lower against polished zirconia. Differences in 
the test methods did not allow for comparisons of wear rates among the studies. Thus, based on 
the literatures it was suggested that polishing the surface is recommended for a full-contour 
zirconia restoration because polished zirconia presents favorable wear behavior opposing natural 
teeth. 
 
Rafat Amer et al (2015)49, investigated changes in the surface roughness after being 
subjected to 3-body wear-opposing human enamel of 3 types of ceramics: dense sintered yttrium 
stabilized zirconia (Z); lithium disilicate (L); and a conventional low-fusing feldspathic porcelain 
(P). Twenty-four specimens of each of the Z and L ceramic were sectioned from computer-aided 
design and computer-aided manufacturing blocks into rectangular plates (15×12×2 mm). Twenty-
four specimens of the feldspathic porcelain were formed into disks (12- mm diameter) from 
powders compressed in a silicone mold. A total of 72 specimens (9 groups with 8 specimens each) 
was placed in a 3-body wear simulator, with standardized enamel specimens (n=72) acting as the 
substrate. The changes in surface roughness of the ceramic specimens were evaluated after 50 000 
cycles. It was concluded that the surfaces of monolithic zirconia ceramic and lithium disilicate did 
not become as rough as the surface of conventional feldspathic porcelain after enamel wear. 
 
Verena Preis (2015)61, investigated the surface properties (roughness, composition, phase 
transformation) of monolithic zirconia specimens after dental adjustment procedures (grinding, 
polishing) and wear simulation. Zirconia specimens (Cercon base, Cercon ht, DeguDent, G 
material) were successively sintered, ground, and polished with an intraoral polishing kit in a three-
step procedure. Sintered zirconia specimens with high surface roughness served as a reference. 
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Grinding significantly increased the roughness of sintered zirconia. Polishing significantly reduced 
Ra. After the grinding procedure, SEM pictures showed deep grooves that were progressively 
smoothed by polishing. It was concluded that adequate polishing reduced the roughness of ground 
zirconia. Wear had little influence on roughness and no influence on phase transformation. Thus 
careful polishing is recommended to keep surface roughness and phase transformation low. 
 
 Ghada Mohamed Mahmoud Aly et al (2016)18, assessed the wear of primary teeth 
against three types of crown coverage, both quantitavely and qualitatively. Specimens of 30 
extracted primary molars, were mounted against 10 specimens of zirconia crowns (group A), 10 
specimens of pre-veneered stainless steel crowns (group B), and 10 extracted primary molars and 
10 specimens of stainless steel crowns (group C) and were undergone in vitro wear testing using 
an abrasive machine. Measurement of the amount of weight loss was performed, in addition to a 
scanning electron microscopic examination of the worn enamel surfaces. Results showed that  the 
greatest wear was recorded in zirconium specimens, and the lowest was in pre-veneered stainless 
steel crowns with a significant difference noted between the three groups (p<0.001).The micro-
morphological wear characteristics revealed the most aggressive wear with complete loss of 
enamel structure in zirconium specimens. It was concluded that the zirconium crowns induced the 
most severe wear in primary molars, followed by stainless steel crowns, and the least wear was 
induced by pre-veneered stainless steel crowns. 
 
Jae-Won Choi (2016)21, evaluated the effects of full-coverage all-ceramic zirconia, 
lithium disilicate glass-ceramic, leucite glass-ceramic, or stainless steel crowns on antagonistic 
primary tooth wear. Results showed that the Leucite group with greatest amount of antagonist 
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tooth wear, followed by in decreasing order by the Lithium group, Zirconia group, and Steel 
groups. Mean volume losses in the Leucite and Lithium groups were significantly greater than in 
the Steel group (P<.05). No significant difference was observed between mean volume losses in 
the Zirconia and Steel groups. It was concluded that Leucite glass-ceramic and lithium disilicate 
glass-ceramic cause more primary tooth wear than stainless steel or zirconia. 
 
  Amreen Rupawala et al (2017)5, evaluated and compared the wear behavior of human 
tooth enamel opposing monolithic zirconia and other different ceramic restorative materials and 
also observed the tetragonal to monoclinic phase transformation in zirconia‑based ceramics that 
may occur while simulating wear occurring at room temperature in a wet environment. A 
diffractometer was used to analyze phase transformation. Results showed the highest mean loss in 
height was observed in Group I and the least was observed in Group II. It was concluded that 
mechanically polished zirconia showed the least amount of enamel wear followed by porcelain 
fused to metal and glazed monolithic lithium disilicate, whereas glazed monolithic zirconia 
showed the highest enamel wear. 
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FLOWCHART SHOWING THE SEQUENCES OF THE STUDY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Twenty natural maxillary first premolars 
(recently extracted for orthodontic demand) are 
embedded in die stone 
Group I  
10 numbers 
 
 
Group II 
10 numbers 
 
 
Tested against DentCare Zirconia discs (Size 
10mm Diameter and 2mm Height) 
Tested against CZAR Zirconia discs (Size 10mm 
Diameter and 2mm Height) 
Subjected to two body wear testing with PIN 
ON DISK (Ducom) machine  
Load of 5kg that equals to 49 N is given and 
readings are recorded in excel sheets by 
DUCOM software after 10000 cycles 
Wear values for each sample is noted and 
Statistical analysis is done 
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MATERIALS USED IN THE STUDY ARE: 
S NO STEPS 
INVOLVED 
MATERIALS AND 
INSTRUMENTS 
MANUFACTURER 
 
 
1 
 
Maxillary first 
premolars were 
mounted in die 
stone 
 
 
Die Stone 
 
Zhermack (Germany) 
 
 
 
 
2 
 
 
 
 
Zirconia Blanks 
 
Lab A 
DentCare 
 
DentCare 
Zirconia Basic 
 
Weiland Zenostar, 
Ivoclar Vivadent, 
Germany 
 
Lab B 
CZAR 
Z-CAD Blank METOXIT high tech 
ceramic, Switzerland 
ISO 13356 
 
 
 
3 
 
 
 
Milling of Zirconia 
discs 
 
 
Lab A 
DentCare 
 
 
CORiTec250i 
milling unit 
 
Imes-i-core , Germany 
 
Lab B 
CZAR 
 
CORiTec250i 
milling unit 
 
Imes-i-core , Germany 
 
 
 
 
4 
 
 
 
Sintering of 
Monolithic 
Zirconia discs 
 
Lab A 
DentCare 
 
 
Austromat 
µSiC 
 
Dekema Dental 
Keramikofen, 
Frankfurt, Germany 
 
Lab B 
CZAR 
 
Zirconofen 
600 
 
Zirkon Zahn USA Inc, 
6577 Peachtree 
Industrial Blvd. 30092 
Norcross, Georgia 
 
5 
 
Glazing  
Lab A: Programat P310 
furnace (Ivoclar Vivadent 
Germany). Glazing 
material: Ivoclar 
Vivadent,Liechtenstein, 
Gemany 
 
Lab B: Programat P310 
furnace (Ivoclar 
Vivadent Germany). 
Glazing material: 
Ivoclar 
Vivadent,Liechtenstein, 
Gemany 
 
6 
 
Wear Testing  
 
 
Pin On Disk Wear Tester 
 
Ducom (USA) TR20 
LE 
 
 
                                                                                                                                  Materials and Methods 
Page | 26  
 
 
SELECTION OF NATURAL TOOTH: 
Twenty freshly extracted human unrestored, caries free, non attrited maxillary first and 
second premolars of young adolescent patients undergoing orthodontic extractions were collected. 
They were disinfected in formalin and debrided of calculus using an ultrasonic scaler and preserved 
in saline. They were randomly divided into two groups of each ten. Twenty rigid form of Polyvinyl 
Chloride cylinders were cut in a dimension of 5cm height and a diameter of 2cm. Die stone was 
poured into the cylinders and the teeth were mounted before the setting of die stone (Fig 1). The 
outer portion of the cylinders were wrapped with two different colors of wrapping papers to 
distinguish the two different groups. 
Group I – To abrade against DentCare Zirconia Discs (Fig 2) 
Group II – To abrade against CZAR Zirconia Discs (Fig 3) 
 
 
 
 
Fig 1: Maxillary first premolars were mounted in Poly Vinyl 
Cylinders with Die stone 
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FABRICATION OF DENTCARE ZIRCONIA DISCS: 
 In laboratory A DentCare Zirconia blanks (DentCare Zirconia basic, Zenostar, Germany) 
were fed into precision milling machine (Fig 4). Zirconia discs measuring 2mm in height and 10 
mm in diameter were designed using Design CAM module 7 (Fig 5a, 5b). The designed CAD file 
was sent to the milling machine after converting it to the CNC format (Fig 6). Milling was done 
using CORiTec 250 i (imes-icore dental solutions, Germany) milling unit. The milled discs were 
Fig 2: Group I – To abrade against DentCare Zirconia Discs 
Fig 3: Group II – To abrade against CZAR Zirconia Discs 
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manually separated from the zirconia blanks (Fig7) and sintered using Austromat µSiC furnace, 
(Dekema, Germany) for 9 hours at 14500C (Fig8). Then the discs were glazed by applying  Ivoclar 
glazing paste e-max (Ivoclar Vivadent,Liechtenstein, Gemany) with ranging thickness of 20-50µm 
and using Ivoclar P310 furnace (Germany).  
 
 
 
 
                             
 
Fig 4: DentCare basic Zirconia Blank being placed onto the 
precision milling machine 
Fig 5a: Lava Design CAM module 7 software used to design 
Zirconia discs of diameter 10 mm and Height 2mm (Fig 5b) 
5a
a 
5b
ba
bb
b 
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Fig 6: Designed CAD file was sent to the milling machine after 
converting it to the CNC format. 
Fig 7: Milled Discs being manually separated from Zirconia blanks. 
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FABRICATION OF CZAR ZIRCONIA DISCS: 
 In laboratory B (CZAR Zirconia) Zirconia blanks – Z-CAD blank (METOXIT high tech 
ceramic, Switzerland ISO 13356) were fed into CORiTec 250i (imes-i-core dental solutions, 
Germany) milling unit (Fig 9). Zirconia discs measuring 2mm in height and 10 mm in diameter 
were designed using prototyping software. The CAD file was converted into HTL (Hyper Text 
Markup Language) file for arranging the discs on the zirconia blank and then this was formatted 
to NGC (Netlist file with constrained information) file to the milling machine. Milling process was 
done with CORi Tec milling unit. Approximate time taken for milling of single disc was 16 
minutes. The milled discs were manually separated from the zirconia blanks (Fig 11) and were 
Fig 8: Austromat µSiC Dekema Furnace was used for sintering the discs  
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sintered in Zirconofen 600/V2 (Zicon Zahn, Atlanta) sintering machine at 15000c for 8 hours. 
Finally, glazing material Ivoclar glazing paste e-max (Ivoclar Vivadent,Liechtenstein, Gemany) 
was applied with ranging thickness of 20-50µm and glazing was done with IVOCLAR P310 
furnace(Germany) (Fig 10). 
            
 
                                            
Fig 9: CORiTec 250i (imes-i-core dental solutions, Germany) milling unit with zirconia blank 
Fig 10: Programat P310 furnace (Ivoclar Vivadent Germany) used for glazing 
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Fig 11: Picture showing zirconia blank with milled zirconia discs and 
on the right – separated zirconia disks from blank. 
Fig 12: Glazed Zirconia Discs from Lab 
A to abrade against natural teeth 
Fig 13: Glazed Zirconia Discs from Lab 
B to abrade against natural teeth 
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TESTING WEAR OF NATURAL TOOTH AGAINST ZIRCONIA DISCS: 
 Two body wear testing machine Pin on Disk (TR 20 LE PHM 250,DUCOM Instruments, 
USA) was used to measure the wear (Fig13).      
                
 
Prior to testing, the specimen and their holders were ultrasonically cleaned with 95% ethanol and 
dried to make it clean from debris. The discs and tooth samples were placed onto the holders of 
the machine. Tooth samples for which the wear has to be recorded were placed on the upper 
member (Fig 14) and the zirconia discs were placed on the lower member (rotating wheel). The 
discs were secured additionally with M-Seal so that the discs are not displaced when the rotating 
wheel rotates.  
Fig 13: Pin on Disk machine (Ducom TR 20 LE 250 PHM, USA) 
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The cusp tips and zirconia discs were positioned under a constant load of 5kg (49 N, Fig 
15).  The specimens were made to rub against one another in a rotating cycle to simulate the oral 
wear cycle. The wear tack diameter was set at 5mm and data acquisition frequency was 1Hz. All 
the tests were carried out at room temperature, 22 ± 20C. Artificial saliva (Aqwet Saliva, CIPLA 
pharma, India) was sprayed between the tooth sample and zirconia surface at intervals of one 
minute during testing (Fig 16) so as to further simulate the oral condition. The test was run for a 
total of 10000 cycles on wear machine for each sample. The readings were recorded in DWF file 
format (Fig 17) for the first 5000 cycles and the 2nd 5000 cycles and it was finally combined to get 
the values at the end of complete 10000 cycles. The highest value of wear was taken into 
consideration for each sample. 
Fig 14: Tooth samples were secured to the upper member and the 
zirconia disks were placed on the lower member –Rotating wheel. 
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Fig 15: The cusp tips and zirconia were kept under a constant load of 5 
Kg- 49N and were made to rub against each other. 
Fig 16: Artificial saliva being sprayed at regular intervals to further 
simulate oral conditions 
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Fig 17: Readings being recorded in DWF file format and the highest 
value of wear was taken into consideration 
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STATISTICAL ANALYSIS: 
The data obtained were subjected to statistical analysis using SPSS software version 21. The level 
of significance was set at p<005 and the confidence interval level of 95%. Intergroup comparison 
was done with student t test. 
The data obtained was subjected to statistical analysis to test the null hypothesis. 
NULL HYPOTHESIS: 
There is no significant difference between the wear produced by DentCare Zirconia (Group 
I) and CZAR Zirconia (Group II) against natural teeth. 
ALTERNATE HYPOTHESIS: 
 There is a significant difference between the wear produced by DentCare Zirconia 
(Group I) and CZAR Zirconia (Group II) against natural teeth. 
The wear of natural teeth against Dentcare zirconia basic discs and CZAR zirconia discs 
recorded as loss of height in µm at the end of first 5000 cycles is shown in Table 1. The mean 
values and the standard deviation of the recorded values are shown in Table 2. Inter group 
comparison showed that highest wear was recorded in Group I (Dentcare) when compared to 
Group II (CZAR). Values were statistically highly significant with p value < 0.01. 
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SAMPLE NO: 
 
Loss of height in Group I –
Dentcare Zirconia (Values in µm) 
 
Loss of height in Group II 
CZAR Zirconia(Values in µm) 
 
1 
 
310 
 
157 
 
2 
 
190 
 
242 
 
3 
 
438 
 
257 
 
4 
 
347 
 
122 
 
5 
 
314 
 
217 
 
6 
 
478 
 
301 
 
7 
 
342 
 
212 
 
8 
 
302 
 
228 
 
9 
 
429 
 
298 
 
10 
 
475 
 
178 
   
 
 
 
 
    
Table 1: Wear values of natural tooth recorded at first 1- 5000 cycles against 
zirconia discs 
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Groups (n=10) Mean ± SD value 
Group I 
(DentCare Zirconia) 
362.52 ± 91.47 
Group II 
(CZAR Zirconia) 
221.20 ± 57.69 
't' value 4.790** 
 
        ** - Significant at 1% level (p<0.01) 
 
The wear of natural teeth against Dentcare zirconia basic discs and CZAR zirconia discs 
recorded as loss of height in µm at the end of next 5000 cycles is shown in Table 3. The mean 
values and the standard deviation of the recorded values are shown in Table 4. Inter group 
comparison showed that highest wear was recorded in Group I (Dentcare) when compared to 
Group II (CZAR). Values were statistically significant with p value < 0.05. But the wear in both 
the groups were consistent and also reduced in values compared to the first 5000 cycles. 
The overall wear of natural teeth against Dentcare zirconia basic discs and CZAR zirconia 
discs recorded as loss of height in µm at the end of 10000 cycles is shown in Table 5. Mean and 
standard deviation of the recorded values for both the groups are shown in Table 6. Intergroup 
comparison showed that highest wear was recorded in Group I (Dentcare) when compared to 
Group II (CZAR). Values were statistically highly significant with p value < 0.01. 
Table 2: Intergroup comparison of Group I and Group II showing Mean and Standard 
deviation with a significance of p< 0.01 at first 5000 cycles. 
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SAMPLE NO: 
 
Loss of height in Group I –
Dentcare Zirconia (Values in 
µm) 
 
Loss of height in Group II 
CZAR Zirconia(Values in 
µm) 
 
1 
 
79 
 
38 
 
2 
 
29 
 
71 
 
3 
 
45 
 
36 
 
4 
 
55 
 
41 
 
5 
 
49 
 
41 
 
6 
 
79 
 
33 
 
7 
 
87 
 
34 
 
8 
 
82 
 
54 
 
9 
 
97 
 
23 
 
10 
 
66 
 
34 
 
 
Groups (n=10) Mean ± SD value 
Group I 
(DentCare Zirconia) 
65.80 ± 25.78 
Group II 
(CZAR Zirconia) 
40.50 ± 13.27 
't' value 1.930* 
** - Significant at 5% level (p<0.05) 
                      
Table 3: Wear values of natural tooth recorded at 5000-10000 cycles against 
zirconia discs 
Table 4: Intergroup comparison of Group I and Group II showing Mean and 
Standard deviation with a significance of p< 0.05 (5000-10000 cycles) 
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SAMPLE NO: 
 
Loss of height in Group I –
Dentcare Zirconia (Values in 
µm) 
 
Loss of height in Group II 
CZAR Zirconia(Values in 
µm) 
 
1 
 
389 
 
195 
 
2 
 
219 
 
313 
 
3 
 
483 
 
293 
 
4 
 
402 
 
163 
 
5 
 
363 
 
258 
 
6 
 
557 
 
334 
 
7 
 
429 
 
246 
 
8 
 
384 
 
282 
 
9 
 
526 
 
321 
 
10 
 
541 
 
212 
 
Groups (n=10) Mean ± SD value 
Group I 
(DentCare Zirconia) 
428.32 ± 102.32 
Group II 
(CZAR Zirconia) 
261.70 ± 57.23 
't' value 4.715** 
 
              ** - Significant at 1% level (p<0.01) 
Table 5: Overall Wear values of natural tooth recorded at the end of 10000 
cycles against zirconia discs 
Table 6: Intergroup comparison of Group I and Group II showing Mean and 
Standard deviation with a significance of p< 0.01 at the end of 10000 cycles 
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From the test of significance it is clear that there is statistically significant difference among 
Group I and Group II, thus ejecting null hypothesis and lining it in record with alternate hypothesis. 
 
 
 
 
 
 
1-5000 Cycles 5000- 10000 Cycles End of 10000 Cycles
362.52
65.8
428.32
221.2
40.5
261.7
Group I (DentCare Zirconia) Group II (CZAR Zirconia)
Chart 1: Chart showing Intergroup Comparison of mean loss of height of natural teeth at first 
5000 cycles, 5000- 10000 cycles and at the end of 10000 cycles. 
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Physiological wear is surface degradation that results in progressive, but very slow loss of 
convexity of the cusps, which manifests as a flattening of cusp tip on the posterior teeth and the 
incisal edges of mammelons on the anterior teeth. The wear of tooth structure caused by opposing 
restorative material is often a concern while selecting a restorative material for any given clinical 
restorative treatment. Ideally, a restorative material that replaces enamel should have wear 
characteristics similar to enamel. According to Seghi et al 54 such a material should wear at the 
same rate as enamel and should not cause more wear of the enamel it opposes than enamel itself 
would. Also, an improper occlusal scheme as in case of group function with a porcelain occlusion 
can cause more wear than canine- guided mutually protected occlusion63.The proper selection of 
restorative material is important to preserve function, esthetics and occlusal harmony. 
 
Two-body wear occurs in the mouth during parafunctional habits such as bruxism or phases 
of chewing without intervening food particles. In this in vitro study, wear of enamel when opposed 
to two commercially available different zirconia systems was simulated to the oral environment 
using the Pin on Disk (Ducom, USA) wear machine. This machine has the ability to provide a 
combined action of impact, followed by sliding that matches the inherent action of closure during 
mastication of the mandibular teeth onto the maxillary teeth for a total of 10,000 cycles12. A load 
of 5kg (49 N) which is comparable to the normal chewing force, was exerted onto the specimens, 
before the test25.  
 
Enamel is the gold standard for intraoral wear simulation as it is the natural material in the 
mouth. It is composed of hydroxyapatite (HA) crystals embedded into an organic matrix. The HA 
crystals compose 95% of enamel and wear by brittle fracture, similar to ceramics. The orientation 
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of HA crystals divide enamel into 5μm rods separated by inter-rod enamel. Analysis of enamel 
subjected to sliding wear reveals that it fails by microcracking. The arrangement of HA into rod 
structure in enamel can hinder the propagation of cracks by redirecting them. 
 
 Additionally, the inter-rod enamel is less wear resistant than the enamel rods. Therefore, 
enamel is an anisotropic material as its mechanical properties are dependent on the orientation of 
its rods58. Also, enamel varies in its properties depending on its position in the tooth and its 
histological structure45. Since the cuspal enamel is stronger and it can withstand forces in a 
direction parallel to the enamel rods than perpendicular to the rods, freshly extracted noncarious 
premolars of young adolescent patients undergoing orthodontic treatment were used in this study.   
Here, only the buccal cusp tips were made to contact with the zirconia discs, since this study was 
to observe the wear behavior of enamel in a clinical environment. 
 
In oral cavity when the maxillary and mandibular tooth comes in contact during phases of 
chewing without intervention of food particles, it is lubricated by the saliva34,62. Salivary rich 
proteins like mucins and proline rich glycol proteins gives the saliva its lubricating effect1.  
Different saliva- simulating lubricants have been evaluated in vitro wear testing devices mucin 
based artificial saliva provides similar lubrication as that of natural saliva during the first 10000 
cycles60. Li and Zhou found that the depth and severity of the wear scars were much smaller with 
artificial saliva lubrication than in dry conditions32 and therefore concluded that saliva plays an 
important lubricant effect during wear process of enamel in oral environment. Because the surface 
hardness of glass or ceramic decreases in an aqueous environment, the two contacting materials 
can easily adhere at the microscopic level of sharp asperities in the presence of saliva. 
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Consequently, a more intimate approximation between the contacting surfaces results in a higher 
co efficient of friction associated with exposure to aqueous media. Hence artificial saliva was used 
in this study to simulate the oral environment.  
 
The types of ceramics used as antagonists in in vitro wear testing can generally be divided 
into two categories, those which contain a glassy phase and those which do not. Feldspathic 
porcelain and glass-ceramics both contain a glassy amorphous matrix which is reinforced with a 
crystalline phase, typically leucite. Alumina and zirconia, on the other hand, are polycrystalline 
ceramics without a glass phase. The materials behave slightly differently in wear testing. 
Feldspathic porcelain and glass-ceramics are susceptible to fracture through their glassy phase. 
Crystals within the glass matrix strengthen the material through dispersion strengthening and help 
prevent fracture. Glass-ceramics have demonstrated failure at the interface of their crystals and 
glass matrix. These crystals are more abrasive than the surrounding glass and can more easily 
damage the opposing enamel. In summary, glass containing ceramics can cause abrasive wear of 
opposing materials by fracturing through their glassy phase and exposing hard abrasive crystals 
on their surface. 
 
A study by Liu and Xue found that zirconia maintained a smooth surface during sliding 
wear at relatively low normal loads. Increasing the normal load above 20N altered the mechanism 
of wear from plastic deformation to microcracking. In this study a load of 49N was used. 
Therefore, the behavior of polycrystalline ceramics as antagonists may be load dependent. Earlier 
Zirconia, specifically yttrium-stabilized tetragonal zirconia polycrystal (Y-TZP), was chosen as a 
core material to help prevent bulk fracture of ceramic restorations51. An important property of 
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zirconia is its transformation toughening and an ability to slow crack propagation and improve 
fracture resistance. Zirconia has a flexural strength of 900 to 1200 MPa and a fracture toughness 
of 9 to 10 MPa.m0.58,29,46. Additional studies of zirconia- supported implant restorations have 
reported chipping of veneering porcelain30,40. These failures can be attributed to the mismatch of 
the coefficient of thermal expansion between the zirconia and the veneered porcelain15. In an effort 
to reduce these failures, highly sintered monolithic or anatomically contoured zirconia crowns 
were developed. Zirconia is highly likely to wear the enamel or dentin of an opposing tooth36,41,63. 
Several studies have suggested that ceramic substrates produce more wear on opposing tooth 
structure than enamel20,27.   
 
However, recent in vitro study measuring the wear of zirconia against enamel and steatite 
antagonists, concluded that zirconia produced less wear of the steatite antagonists than veneering 
porcelain47,52. These studies also concluded that zirconia ceramics have lesser wear compared to 
other ceramics. There are studies showing that polished zirconia causes lesser wear than the glazed 
zirconia13,22,42. In contrast, Shar et al55, by using a modified Leinfelder wear testing machine, 
noticed larger enamel loss of a premolar caused by polished than the glazed one. He proposed that 
glazed porcelain causes less wear when compared to the conventionally polished porcelain and 
concluded that glazed zirconia should be preferred when the restoration antagonist is natural tooth. 
Many anatomically contoured zirconia crowns are glazed and stained superficially during 
fabrication to improve their esthetic properties65. So, in this study two commercially available 
glazed monolithic zirconia to find the wear of natural teeth were used.  
Significant correlation was also found between initial and subsequent wear of enamel at 
different intervals. The enamel wear produced by glazed DentCare zirconia (Group I) and CZAR 
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zirconia (Group II) were significantly greater initially up to first 5000 cycles, while the wear 
receded during 2nd 5000 cycles. This could be attributed to the fact that the glaze that was applied 
as even coating of about 20 -50 µm to the zirconia discs would have been removed during the first 
5000 cycles. At this point, the underlying surface of the zirconia becomes exposed and the 
roughness of this surface is most critical for producing wear. Additionally, worn particles from the 
glaze may act as third body abrasives. Therefore, the greater wear of opposing tooth enamel is 
explained by its contact with rough subsurface zirconia and production of abrasive particles.  
 
However, the wear rates reduced comparatively during the 2nd 5000 cycles. This could be 
attributed to the formation of slurry like particles that are trapped between exposed zirconia 
subsurface. They could have been formed as a result of breakdown products during wear getting 
mixed with artificial saliva. Presence of these particles might have absorbed the load applied over 
the specimens, during sliding contact thereby reducing the frequency of direct contact between 
tooth enamel and hard asperities of zirconia surface.   
 
Thus, the wear rates of DentCare zirconia was highly significant (p<0.01) in first 5000 
cycles when compared to CZAR zirconia and was significant (p<0.05) during next 5000 cycles 
also. The overall wear of DentCare zirconia was highly significant (p<0.01) when compared to 
CZAR zirconia wear against natural teeth. Even in 2nd 5000 cycles the wear of DentCare was 
higher than the CZAR zirconia discs. A possible explanation is the glazed surface in DentCare 
zirconia would have been worn away quickly to reveal the rough surface of unpolished ceramic 
beneath. This subsurface would have been rougher in DentCare zirconia discs than CZAR zirconia 
discs. This correlates with the previous studies done by Heintze SD19 and Etman MK14. The results 
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of this study concludes that DentCare zirconia produces more wear than CZAR zirconia. Thus 
taking all these factors into considerations, the operator must be capable of making an informed 
decision when selecting a restorative material which will restore form, function and esthetics as 
well as protect the present dentition from additional damage. 
 
LIMITATIONS: 
 The limitations of this study include the relatively low value of the simulated occlusal force 
and the limited inclusion of physiologic parameters such as temperature and pH cycling. Future 
studies may examine the wear produced from high forces such as the maximum limits of 
mastication or the forces of parafunction (bruxing). Additionally physiological variables such as 
pH and temperature cycling should be examined. Also, occlusion also plays a very important role 
in wear process. Parafunctional movements particularly nocturnal bruxing, involves grinding of 
teeth without interposing food particles and often at greater loads than masticatory forces. For 
conclusive evidence of the acceptability of anatomically contoured zirconia crowns controlled 
clinical trials which measure opposing enamel wear must be conducted. 
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This study was conducted to evaluate the wear of natural tooth against two commercially 
available zirconia - DentCare zirconia basic and CZAR zirconia. Ten discs of DentCare zirconia 
basic and ten discs of CZAR zirconia were made using precision milling machine. All the discs 
were glazed using Ivoclar glazing paste e-max (Ivoclar Vivadent,Liechtenstein, Gemany). Twenty 
freshly extracted human maxillary premolars were selected and randomly divided into two groups. 
  
Group I – Were made to abrade against DentCare Zirconia 
 Group II – Were made to abrade against CZAR Zirconia.  
 
Tooth samples for which the wear has to be recorded were placed on the upper member of 
the two body wear testing machine (Pin on Disk- Ducom, USA) and the zirconia discs were placed 
on the lower member (rotating wheel). The discs were secured additionally with M-Seal so that 
the discs are not displaced when the rotating wheel rotates.  
The cusp tips and zirconia discs were positioned under a constant load of 5kg (49 N).  The 
specimens were made to rub against one another in a rotating cycle to simulate the oral wear cycle. 
Artificial saliva (Aqwet Saliva, CIPLA pharma, India) was sprayed between the tooth sample and 
zirconia surface at intervals of one minute during testing so as to further simulate the oral 
condition. The test was run for a total of 10000 cycles on wear machine for each sample. The 
readings were recorded in DWF file format for the first 5000 cycles and the 2nd 5000 cycles and it 
was finally combined to get the values at the end of complete 10000 cycles. The highest value of 
wear was taken into consideration for each sample.  
Results showed that the wear was greater for Group I (DentCare zirconia) when compared 
to Group II (CZAR zirconia) at the first 5000 cycles and was highly significant. Even though in 
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second 5000 cycles the wear rate reduced compared to first 5000 cycles, it was greater significantly 
in Group I compared to Group II. The overall wear at the end of 10000 cycles was also highly 
significant in Group I compared to Group II. 
 
CONCLUSION: 
 
 Within the limitations of this study, it can be concluded that the use of monolithic 
glazed zirconia discs provides significant yet acceptable opposing tooth wear. 
 CZAR zirconia provides less wear and is more wear friendly to the opposing 
enamel when compared to the DentCare zirconia. 
 Usage of glazed zirconia in high stress bearing areas should be carefully analyzed. 
 In case of high esthetic region that demands glazed zirconia polishing the surface 
before glazing could be considered. 
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